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(57) ABSTRACT

In a mounting angle error detection method, a relative speed
to an object that has reflected continuous waves 1s deter-
mined. An estimated orientation of the object 1s determined
for each frequency bin. An approximated straight line that
indicates a relationship between a relative speed of a sta-
tionary object relative to the own vehicle and an orientation
at which the stationary object 1s positioned 1s calculated
from the relative speed and estimated ornentation deter-
mined. As a mounting angle error of the onboard radar
apparatus, a difference between an orientation angle 1denti-
fied from the approximated straight line and at which the
relative speed of the stationary object relative to the own
vehicle 1s zero, and an orientation angle at which the relative
speed of the stationary object relative to the own vehicle 1s
zero when the onboard radar apparatus 1s mounted 1n the
own vehicle at a predetermined mounting angle 1s deter-
mined.
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MOUNTING ANGLE ERROR DETECTION
METHOD AND APPARATUS FOR ONBOARD

RADAR APPARATUS, AND ONBOARD
RADAR APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s based on and claims the benefit
of priority from Japanese Patent Application No. 2015-
035291, filed on Feb. 25, 2015, the descriptions of which are

incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a technology for detect-
ing an orientation ol an object using electromagnetic waves.
In particular, the present disclosure relates to a method and
an apparatus for detecting error 1n a mounting angle of an
onboard radar apparatus, and the onboard radar apparatus.

BACKGROUND ART

In an onboard radar apparatus that 1s set 1n a vehicle, the
setting state of the onboard radar apparatus may change due
to a cause of some sort (such as changes over the years). A
mounting angle relative to the vehicle may shift from a
predetermined mounting angle. In this case, the onboard
radar apparatus may erroneously detect a position of an
object. As a method for detecting such a shift in the
mounting angle of the onboard radar apparatus relative to
the vehicle, for example, a following method 1s known (refer
to PTL 1). In a method described 1in PTL 1, among pieces of
observation data detected by the onboard radar apparatus,
observation data in which a relative speed 1s zero 1s extracted
as a wall candidate. The extracted pieces of data are col-
lected. A direction at which the relative speed 1s zero 1s
determined from the collected data. The direction 1s a
direction that 1s at 90° relative to a longitudinal direction of
the vehicle. In the method described 1n PTL 1, the mounting,
angle of the onboard radar apparatus 1s estimated based on
the foregoing.

CITATION LIST
Patent Literature

|IPTL 1] JP-A-2014-153256

SUMMARY OF INVENTION

Technical Problem

However, as a result of examination by the mventors, an
1ssue has been found 1n that, 1n the conventional technology,
an accurate estimation result cannot be obtained until obser-
vation points at which the relative speed is zero are collected
to a certain extent. Time 1s required until an estimation result
having the necessary accuracy 1s obtained.

An object of the present disclosure 1s to provide a tech-
nology for detecting an error 1n a mounting angle of an
onboard radar apparatus i a short amount of time and,
turther, a technology for improving detection performance
regarding an orientation at which an object 1s present using,
the detection result.

A mounting angle error detection method according to an
aspect of the present disclosure detects an error 1n a mount-
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2

ing angle of an onboard radar apparatus relative to an own
vehicle, 1 the onboard radar apparatus that 1s set in the own
vehicle such that a direction that 1s at 90° relative to a
longitudinal direction of the own vehicle 1s included 1n a
scanning range and detects at least an orientation at which an
object 1s present using continuous waves, and includes the
following first step to fourth step.

At a first step, a relative speed to an object that has
reflected the continuous waves 1s determined by a frequency
analysis being performed on a signal obtained by the con-
tinuous waves being transmitted and received. At a second
step, an estimated orientation that 1s an estimated value of an
orientation at which the object 1s positioned 1s determined
for each frequency bin i which presence of the object 1s
confirmed by the frequency analysis at the first step. At a
third step, an approximated straight line that indicates a
relationship between a relative speed of a stationary object
relative to the own vehicle and an onentation at which the
stationary object 1s positioned 1s calculated from the relative
speed and the estimated orientation determined at the first
step and the second step. At a fourth step, as a mounting
angle error of the onboard radar apparatus relative to the
own vehicle, a diflerence between an orientation angle that
1s 1dentified from the approximated straight line calculated at
the third step and at which the relative speed of the station-
ary object relative to the own vehicle 1s zero, and an
orientation angle at which the relative speed of the stationary
object relative to the own vehicle 1s zero when the onboard
radar apparatus 1s mounted 1n the own vehicle at a prede-
termined mounting angle 1s determined.

In addition, a mounting angle error detection apparatus
according to an aspect of the present invention includes a
relative speed calculating unit that performs the above-
described process at the first step, an orientation estimating
unit that performs the above-described process at the second
step, an approximated straight line calculating unit that
performs the above-described process at the third step, and
an angle error calculating unit that performs the above-
described process at the fourth step.

That 1s, according to an aspect of the present disclosure,
focus 1s placed on the fact that a graph indicating a rela-
tionship between the relative speed of a stationary object
relative to the own vehicle and the orientation at which the
stationary object 1s positioned can be approximated by a
straight line when the relative speed 1s near 0. An orientation
angle 1dentified on the approximated straight line obtained
from measurement results and at which the relative speed of
the stationary object to the own vehicle 1s 0, and an
orientation angle that 1s obtained from a theoretical value
and at which the relative speed of the stationary object to the
own vehicle 1s 0 are compared. As a result, the mounting
angle error of the onboard radar apparatus 1s determined.

As a result of a configuration such as this, observation
data 1n which the relative speed of the stationary object
relative to the own vehicle 1s other than 0 can also be used
in the calculation of the mounting angle error of the onboard
radar apparatus. Therefore, time required until observation
data of an amount necessary for calculation 1s acquired can
be shortened. That 1s, a mounting angle error having the
necessary accuracy can be acquired in a short amount of
time.

Furthermore, an onboard radar apparatus according to an
aspect of the present disclosure includes the above-described
mounting angle error detection apparatus, a correction value
calculating umt, and an ornentation correcting unit. The
correction value calculating unit determines an orientation
correction value by performing a statistical process on the
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mounting angle error determined by the angle error calcu-
lating unit. The orientation correcting unit corrects the
orientation estimated by the orientation estimating unit using
the orientation correction value.

As a result of a configuration such as this, detection error
regarding orientation based on shifting of the mounting
angle 1s suppressed. Consequently, detection accuracy
regarding orientation can be improved.

Reference numbers within the parentheses in the scope of
claims indicate corresponding relationships with specific
means according to an embodiment described hereafter as an
aspect, and do not limit the technical scope of the present
invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram of a configuration of an onboard
radar apparatus including a mounting angle error detection
apparatus according to an embodiment of the present dis-
closure;

FIG. 2 1s a flowchart of a main process performed by a
signal processing unit of the onboard radar apparatus;

FIG. 3 1s a flowchart of a correction value learning
process performed by the signal processing unit of the
onboard radar apparatus;

FI1G. 4 1s an explanatory diagram of an attachment state of
the onboard radar apparatus relative to an own vehicle, and
a detection method for a relative speed of a side stationary
object relative to the own vehicle and an orientation thereof
by the onboard radar apparatus;

FIG. 5 1s an explanatory diagram of a relationship
between a theoretical curve and an approximated straight
line, and changes to the theoretical curve based on an own
vehicle speed, on a graph indicating a relationship between
frequency bins corresponding to a relative speed between
the own vehicle and an object, and an orientation of the
object; and

FIG. 6 1s an explanatory diagram of a method for deter-
mimng a mounting angle error of the onboard radar appa-
ratus using the approximated straight line, on a graph
indicating a relationship between Irequency bins corre-
sponding to a relative speed between the own vehicle and an
object, and an orientation of the object.

DESCRIPTION OF EMBODIMENTS

An embodiment to which the present disclosure 1s applied
will heremafter be described with reference to the drawings.
| Configuration]

An onboard radar apparatus 1 shown in FIG. 1 1s mounted
in a vehicle. The onboard radar apparatus 1 includes an
antenna unit 2, a transmitting/recerving unit 3, and a signal
processing unit 4. In the vehicle, the onboard radar apparatus
1 1s used such as to be set inside a bumper that 1s composed
of a material that allows electromagnetic waves to pass.
Here, the onboard radar apparatus 1 1s set 1n a bumper that
1s mstalled on a rear side of the vehicle, near a right end of
the bumper 1 an advancing direction. In addition, the
onboard radar apparatus 1 is set 1n a direction 1n which a side
of the vehicle (a direction at 90° relative to a longitudinal
direction of the vehicle) 1s included 1n a scanning range (see
FIG. 4). Furthermore, the onboard radar apparatus 1 1is
communicably connected to another onboard apparatus (not
shown) that 1s mounted 1n the vehicle, via an onboard local
area network (LAN) (not shown) that 1s mounted 1n the
vehicle.
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The antenna unit 2 includes a plurality of antennas 21 that
are arranged 1n a single row 1n a horizontal direction. The
antenna unit 2 transmits and receives electromagnetic waves
as radar waves.

The transmitting/receiving unit 3 periodically transmits
and receives radar waves at a fixed time interval, via the

antenna unit 2. The radar waves are composed of a multiple
frequency continuous wave (CW). In addition, the transmiut-
ting/receiving unit 2 generates a beat signal for each recep-
tion signal received by each antenna 21 configuring the
antenna unit 2. The beat signal 1s composed of a frequency
component of a difference between the reception signal and
a transmission signal. The transmitting/receiving unit 2 then
supplies the signal processing unit 4 with reception data that
1s the beat signal to which analog-to-digital (A/D) conver-
sion has been performed. The multiple frequency CW 1s
composed of a plurality of continuous waves of GHz order
of which frequencies differ from each other by about 1 MHz.

The signal processing unit 4 1s composed of a known
microcomputer that 1s mainly configured by a central pro-
cessing unit (CPU) 41, a read-only memory (ROM) 42, and
a random access memory (RAM) 43. The signal processing
unit 4 at least performs a main process 1 which an object
that has reflected the radar waves 1s detected and informa-
tion related to the object 1s generated, based on a program
stored 1n the ROM. A portion of the RAM 43 1s configured
by a non-volatile memory that holds the content in the
memory even should power of the onboard radar apparatus
1 be turned off. The non-volatile memory stores therein a
mounting angle error A0 of the onboard radar apparatus that
1s determined at each measurement cycle, and an ornientation
correction value determined based on the mounting angle
error AD.
| Processes|

Next, the main process performed by the CPU 41 of the
signal processing unit 4 will be described with reference to
a flowchart 1n FIG. 2. The present process 1s started at every
measurement cycle in which the radar waves are transmitted
and received.

When the present process 1s started, at step S110, the CPU
41 acquires sampling data of the beat signals amounting to
a single measurement cycle that are obtained as a result of
the transmitting/receiving unit 3 transmitting and receiving
the radar waves. In the single measurement cycle, sampling
data related to all transmission frequencies of the multiple
frequency CW 1s included.

At step S120, the CPU 41 performs frequency analysis on
the sampling data, and thereby calculates a frequency spec-
trum for each transmission frequency of the multiple fre-
quency CW and for each antenna 21 configuring the antenna
umt 2. Here, fast-Fourier transform (FFT) 1s used as the
frequency analysis. Frequency bins 1n the frequency spec-
trum obtained as a result indicate a relative speed to the
object that has reflected the radar waves.

At step S130, the CPU 41 calculates an average frequency
spectrum for each antenna 21, based on the frequency
spectrums determined at step S120.

At step S140, the CPU 41 extracts, from the average
frequency spectrum, frequency bins in which peak values at
which reception strength becomes equal to or greater than a
predetermined threshold are detected. The CPU 41 performs
an orientation estimation process for each frequency bin. As
the orientation estimation process, a high-resolution estima-
tion process such as multiple signal classification (MUSIC)
or the Capon method 1s preferred. However, digital beam-
tforming (DBF) or the like may also be used.
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At step S150, the CPU 41 adds an orientation correction
value to the orientation (referred to, hereafter, as an “esti-
mated orientation™) estimated at step S140, and thereby
corrects the estimated orientation. The orientation correction
value 1s calculated at step S270 (described hereafter) 1n a
previous measurement cycle and stored in the RAM 43

At step S160, the CPU 41 generates object information for
cach object that has generated a peak 1n the average ire-
quency spectrum. The object information includes at least a
relative speed between the object and the own vehicle, and
an orientation at which the object 1s present. The CPU 41
provides the object information to each onboard apparatus

that uses the object information, via the onboard LAN.
At step S170, the CPU 41 performs a correction value
learning process for learning the orientation correction value

using the processing results at earlier steps S30 and S140.
The CPU 41 then ends the present process.

Next, details of the correction value learning process
performed by the CPU 41 will be described with reference
to a flowchart in FIG. 3.

When the present process 1s started, at step S210, the CPU
41 acquires the own vehicle speed via the onboard LAN. The
CPU 41 determines whether or not the own vehicle speed 1s
greater than a predetermined speed threshold. The speed
threshold 1s set to a value at which a sufliciently large slope
1s present 1n a graph (see FIG. 5) that indicates a relationship
between the estimated orientation calculated at step S140
and the relative speed to the object that has reflected the
radar waves. FIG. 5 1s a graph that indicates a relationship
between frequency bins (vertical axis: y axis) corresponding,
to the relative speed between the own vehicle 1n which the
onboard radar apparatus 1s mounted and the object that has
reflected the radar waves from the onboard radar apparatus,
and the orientation (horizontal axis: x axis) of the object.

[0029]

As a result of the determination at step S210, when
determined that the own vehicle speed 1s greater than the
speed threshold (YES at step S210), the CPU 41 proceeds to
step S220. Meanwhile, when determined that the own
vehicle speed 1s equal to or less than the speed threshold
(NO at step S210), the CPU 41 determines that effective
learning cannot be expected and ends the present process.

At step S220, the CPU 41 generates a distribution P (see
FIG. 6) of two-dimensional observation data composed of
the relative speed between the own vehicle and the object
that has reflected the radar waves and the estimated orien-
tation of the object, based on the processing results at steps
S130 and S140. In a manner similar to FIG. 5, FIG. 6 1s a
graph that indicates a relationship between the frequency
bins (vertical axis: y axis) corresponding to the relative
speed between the own vehicle 1n which the onboard radar
apparatus 1s mounted and the object that has reflected the
radar waves from the onboard radar apparatus, and the
orientation (horizontal axis: x axis) of the object.

At step S230, the CPU 41 calculates an approximated
straight line C using an expression (1). The approximated
straight line C expresses a relationship between a relative
speed v between the own vehicle and an object, and an
orientation x of the object, which are detected for a station-
ary object based on observation data in which an absolute
value of the relative speed 1s within a predetermined upper-
limit value. Here, O1inst 1s an attachment angle of the onboard
radar apparatus 1; A 1s a constant; N_FFT_BIN 1s an FFT
point number (such as 256); and Vsell 1s an own vehicle
speed. N_FFT_BIN/2 1s set such that the relative speed to
the object corresponds to zero.
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|[Formula 1]

~ A(y - N_FFT_BIN/2)
- Vse.{f

1
+180—-6,,, ()

X

At step S240, the CPU 41 calculates a minimum sum of
squares W of the distribution P of the observation data used
to calculate the approximated straight line C determined at
step S230, relative to the approximated straight line C. The

minimum sum of squares W expresses a degree of variation
in the observation data. The value of the minimum sum of
squares W 1ncreases as the variation increases.

At step S250, the CPU 41 determines whether or not the
minimum sum of squares W determined at step S240 1s less
than a predetermined approximation threshold. As a result,
when determined that the minimum sum of squares W (that

1s, the degree of approximation) 1s less than the approxima-
tion threshold (YES at step S250), the CPU 41 determines
that the object that has retlected the radar waves 1s a
stationary object and proceeds to step S260. Meanwhile,
when determined that the degree of approximation 1s equal
to or greater than the approximation threshold (NO at step
S5250), the CPU 41 determines that the object that has
reflected the radar waves 1s not a stationary object and ends
the present process.

At step S260, the CPU 41 determines a detected orienta-
tion angle Ov. The detected orientation angle Ov 1s an
orientation angle at which the relative speed between the
own vehicle and the object becomes zero on the approxi-
mated straight line C in the distribution P of the two-
dimensional observation data composed of the relative speed
between the own vehicle and the object that has reflected the
radar waves, and the estimated orientation of the object, as
shown 1n FIG. 6. Then, the CPU 41 calculates a mounting
angle error A0 (=0v-00) of the onboard radar apparatus 1 by
subtracting a theoretical orientation angle 0o from the
detected orientation angle Ov, the theoretical orientation
angle 0o being an orientation angle (a direction that 1s at 90°
relative to the longitudinal direction of the vehicle) detected
from the observation data at which the relative speed
between the own vehicle and the object 1s zero when the
onboard radar apparatus 1 1s attached to the own vehicle at
a desired mounting angle.

At step S270, the CPU 41 calculates the onentation
candidate value by performing a statistical process on the
mounting angle error A0 determined at step S260, and
updates the value stored 1n the RAM 43. The CPU 41 then
ends the present process. Specifically, determining the ori-
entation correction value based on a moving average of the
mounting angle errors AO determined up to a predetermined
cycle prior, including the current cycle, can be considered.
|Principle]

In the calculation of the mounting angle error A0, advan-
tage 1s taken of the fact that, when the object that has
reflected the radar waves 1s a side stationary object such as
a wall surface, a correlation 1s present between the relative
speed of the side stationary object and the orientation at
which the stationary object 1s present.

That 1s, as shown 1n FIG. 4, when a stationary object such
as a wall surface 101 1s present to the side of a vehicle
(hereafter, own vehicle) 100 on the right side, reflected
waves are obtained from various locations of the wall
surface 101. The ornientation at which a reflection point on
the wall surface 101 1s present and the relative speed
detected for the reflection point have the relationship shown
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in FIG. 5. That 1s, when a reflection point 1s present directly
to the right side (a direction that 1s at 90° relative to the
advancing direction of the vehicle 100; also referred to as a
wall surface direction) of the position at which the onboard
radar apparatus 1 1s attached, the relative speed of the
reflection point 1s zero. The relative speed of a reflection
point positioned further towards the advancing direction side
of the own vehicle 100 from the retlection point directly to
the right side 1s a positive value that indicates approach
towards the own vehicle. In addition, the relative speed of a
reflection point positioned further towards the side opposite
the advancing direction of the own vehicle 100 from the
reflection point directly to the right side 1s a negative value
that indicates separation from the own vehicle 100 (see FIG.
4). In both cases, the absolute value increases as the sepa-
ration from the position directly to the right side increases.
In addition, the graph shown in FIG. 5 has a shape that 1s
linearly symmetrical relative to a straight line indicated by
x=orientation angle of own-vehicle rear (X=50 [deg] in the
example 1n FIG. 5).

Furthermore, as shown in FIG. 4, the onboard radar
apparatus 1 1s attached to the own vehicle 100 such that, with
the scanning range of the onboard radar apparatus 1 being O
to 180 [deg], the direction at 90 [deg] of the scanning range,
that 1s, the front direction of the onboard radar apparatus 1
1s tilted by the attachment angle Oinst [deg] clockwise, when
viewed from above the own vehicle 100, relative to the
rearward direction of the own vehicle 100 (such as the
own-vehicle rear 1in FIG. 4). Here, the orientation direction
x 1ndicates counterclockwise by being positive and clock-
wise by being negative.

In this case, the orientation angle x 1n the wall surface
direction (such as the wall surface orientation 1n FIG. 4) of
the own vehicle 100 1s x=00=180-01inst [deg] when the
mounting angle error A0 of the onboard radar apparatus 1 1s
not present, and x=0v=00-A0=180-01nst-A0 [deg] when
the mounting angle error A0 1s present. In addition, the
orientation angle x to the rear (that 1s, the own-vehicle rear)
of the own vehicle 100 1s x=90-0inst [deg] when the
mounting angle error A0 1s not present, and x=90-01nst—A0
|[deg| when the mounting angle error AD 1s present.

The graph in FIG. § shows a case in which Oinst=-40
[deg]. In this case, when the mounting angle error AO 1s not
present, the orientation angle of the wall surface orientation
1s Xx=00=140 [deg]. The orientation angle of the own-vehicle
rear 1s x=30 [deg].

With the foregoing state as premise, 1n the graph shown
in FIG. 5, the determined theoretical curve 1s indicated by a
solid line (at high speed) and a single-dot chain line (at low
speed) 1n the drawing. Regarding the theoretical curve by the
solid line, the approximated straight line C determined using
the expression (1) 1s indicated by a broken line.

As shown 1n FIG. 5, the changes 1n the theoretical curve
decrease as the own vehicle speed decreases. The changes 1n
relative speed (frequency bin) relative to direction increase
as the own vehicle speed Vsell increases. The frequency bins
indicating the relative speed are expressed by 0 to N_FFT_
BIN. The center N_FFT_ BIN/2 [bin] 1s when the relative
speed 1s zero. In this case, N_FFT_BIN/2 to N_FFT_BIN
[bin] are a target approach region in which the stationary
object 1s observed to be approaching the own vehicle 100. O
to N_FFT_BIN/2 [bin] are a target separation region in
which the stationary object 1s observed to be receding from
the own vehicle 100.

In FIG. 6, a broken line 1s an approximated straight line
(theoretical approximated straight line) relative to the theo-
retical curve. A solid line 1s the approximated straight line
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(observation approximated straight line) C determined from
the distribution P of the actual data. That 1s, the difference 1n
an orientation axis direction (x-axis direction 1n the drawing)
between the theoretical approximated straight line and the
observation approximated straight line C 1s the mounting
angle error A0 of the onboard radar apparatus 1.

|[Effects]

As described above, 1n the onboard radar apparatus 1, the
approximated straight line C 1s determined from the distri-
bution P of the observation data indicating the relative speed
to an object that has retlected the radar waves composed of
continuous waves and the direction 1n which the object 1s
present (arrival direction of reflected waves). The approxi-
mated straight line C indicates the relationship between the
relative speed between the own vehicle and a stationary
object, and the orientation at which the stationary object 1s
present. In addition, in the onboard radar apparatus 1, the
orientation angle Ov and the orientation angle 0o are com-
pared, and the mounting angle error A0 of the onboard radar
apparatus 1 1s thereby determined. The orientation angle Ov
1s the orientation angle identified from the approximated
straight line C and at which the relative speed between the
own vehicle and the stationary object 1s zero. The orientation
angle 0o 1s the orientation angle at which a stationary object
of which the relative speed between the own vehicle and the
stationary object 1s zero 1s detected when the onboard radar
apparatus 1 1s set 1in the vehicle at a desired mounting angle.
The onientation correction value 1s then determined by a
statistical process being performed on the mounting angle
error AG.

Therefore, in the onboard radar apparatus, observation
data 1n which the relative speed 1s other than zero can also
be used 1n the calculation of the mounting angle error AO
(and therefore, the orientation correction value). Conse-
quently, the number of pieces of observation data required
for the calculation can be acquired 1n a single measurement
cycle. As a result, the mounting angle error A0 having the
necessary accuracy can be obtained in a short amount of
time.

In addition, 1n the onboard radar apparatus 1, detection
error of the orientation that occurs due to shifting of the
mounting angle can be suppressed and, further, detection
accuracy regarding orientation can be improved. Moreover,
such eflects are actualized through processing of informa-
tion acquired from a CW radar that 1s already present,
without addition of a new structure. Therefore, application
to apparatuses that are already present can be easily
achieved.
|Other Embodiments]

An embodiment of the present disclosure 1s described
above. However, the present invention 1s not limited to the
above-described embodiment. Various modes are possible.

(1) According to the above-described embodiment,
whether or not the distribution P 1s based on a stationary
object 1s determined from the degree of vanation in the
distribution P relative to the approximated straight line C.
However, the determination may be made using information
acquired from an 1mage from an onboard camera, map data,
or the like.

(2) A function provided by a single constituent element
according to the above-described embodiment may be dis-
persed among a plurality of constituent elements. Functions
provided by a plurality of constituent elements may be
integrated into a single constituent element. In addition, at
least a part of a configuration according to the above-
described embodiment may be replaced by a publicly known
configuration providing similar functions. Furthermore, a
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part of a configuration according to the above-described
embodiment may be omitted. Moreover, at least a part of a
configuration according to an above-described embodiment
may be added to or replace a configuration according to
another above-described embodiment. All aspects included
in the technical concept 1dentified solely by the expressions
recited 1n the scope of claims are embodiments of the present
invention.

(3) The present invention can also be actualized by
various modes 1n addition to the above-described mounting,
angle error detection method and mounting angle error
detection apparatus, such as a system of an onboard radar
apparatus or the like of which a constituent element 1s the
mounting angle error detection apparatus, a program
enabling a computer to function as the mounting angle error
detection apparatus, and a medium on which the program 1s
recorded.

The invention claimed 1s:

1. A mounting angle error detection method for detecting
an error 1n a mounting angle of an onboard radar apparatus
relative to an own vehicle, the onboard radar apparatus being,
set 1n the own vehicle such that a direction that 1s at 90°
relative to a front-rear direction of the own vehicle 1s
included i a scanning range and detecting at least an
orientation at which an object 1s present using continuous
waves, the mounting angle error detection method compris-
ng:

determining a relative speed to an object that has reflected

the continuous waves by performing a frequency analy-
s1s on a signal obtained by the continuous waves being
transmitted and received;

determining an estimated orientation that 1s an estimated

value of an orientation at which the object 1s positioned,
for each frequency bin in which presence of the object
1s confirmed by the frequency analysis;

calculating an approximated straight line that indicates a

relationship between a relative speed of a stationary
object relative to the own vehicle and an orientation at
which the stationary object 1s positioned, from the
relative speed determined and the estimated orientation
determined;

determining an orientation angle at which the relative

speed ol the stationary object relative to the own
vehicle 1s zero, from the approximated straight line
calculated; and

determining, as a mounting angle error of the onboard

radar apparatus relative to the own vehicle, a difference
between the orientation angle determined and an ori-
entation angle at which the relative speed of the sta-
tionary object relative to the own vehicle 1s zero based
on the onboard radar apparatus being mounted in the
own vehicle at a predetermined mounting angle.

2. A mounting angle error detection apparatus that detects
an error 1n a mounting angle of an onboard radar apparatus
relative to an own vehicle, the onboard radar apparatus being
set 1n the own vehicle such that a direction that 1s at 90°
relative to a front-rear direction of the own vehicle 1s
included i a scanning range and detecting at least an
orientation at which an object 1s present using continuous
waves, the mounting angle error detection apparatus com-
prising:

a processor, wherein the processor 1s adapted to:

determine a relative speed to an object that has reflected
the continuous waves by performing a Ifrequency
analysis on a signal obtamned by the continuous
waves being transmitted and received;
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determine an estimated orientation that 1s an estimated
value of an arrival direction of reflected waves, for
cach frequency bin in which presence of the object 1s
confirmed by the frequency analysis in the processor;
calculate an approximated straight line that indicates a
relationship between a relative speed of a stationary
object relative to the own vehicle and an orientation
at which the stationary object 1s positioned, from the
relative speed determined by the processor and the

estimated orientation determined by the processor;
and

determine an orientation angle at which the relative
speed of the stationary object relative to the own
vehicle 1s zero, from the approximated straight line
calculated by the processor; and

determine, as a mounting angle error of the onboard
radar apparatus relative to the own vehicle, a difler-
ence between the orientation angle determined by the
processor and an orientation angle at which the
relative speed of the stationary object relative to the
own vehicle 1s zero based on the onboard radar
apparatus being mounted in the own vehicle at a
predetermined mounting angle.

3. The mounting angle error detection apparatus accord-
ing to claim 2, wherein:

the onboard radar apparatus uses multiple frequency

continuous wave as the continuous waves; and

the processor performs processing using an average value

of frequency analysis results performed for each fre-
quency of the continuous waves.

4. The mounting angle error detection apparatus accord-
ing to claim 3, wherein:

the processor calculates the approximated straight line

using, among calculation results of the relative speed
calculated by the processor and the orientation esti-
mated by the processor, calculation results of which an
absolute value of the relative speed 1s within a prede-
termined upper-limit value.

5. The mounting angle error detection apparatus accord-
ing to claim 4, wherein:

the processor calculates the mounting angle error 1n

response to a degree of variation 1n a distribution used
for calculation of the approximated straight line relative
to the approximated straight line being less than a
predetermined approximation threshold.

6. An onboard radar apparatus that 1s set in an own vehicle
such that a direction that 1s at 90° relative to a front-rear
direction of the own vehicle 1s included in a scanning range
and detects at least an orientation at which an object is
present using continuous waves, the onboard radar apparatus
comprising;

a processor, wherein the processor 1s adapted to:

detect an error in a mounting angle of the onboard radar
apparatus relative to the own vehicle;

determine a relative speed to an object that has reflected
the continuous waves by performing a frequency
analysis on a signal obtained by the continuous
waves being transmitted and received;

determine an estimated orientation that 1s an estimated
value of an arrival direction of reflected waves, for
cach frequency bin in which presence of the object 1s
confirmed by the frequency analysis in the processor;

calculate an approximated straight line that indicates a
relationship between a relative speed of a stationary
object relative to the own vehicle and an orientation
at which the stationary object 1s positioned, from the
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relative speed determined by the processor and the
estimated orientation determined by the processor;
determine an orientation angle at which the relative
speed ol the stationary object relative to the own
vehicle 1s zero, from the approximated straight line
calculated by the processor;
determine, as a mounting angle error of the onboard
radar apparatus relative to the own vehicle, a difler-
ence between the orientation angle determined by the
processor and an orientation angle at which the
relative speed of the stationary object relative to the
own vehicle 1s zero based on the onboard radar
apparatus being set 1n the own vehicle at a prede-
termined mounting angle;
calculate an orientation correction value by performing
a statistical process on the mounting angle error
determined by the processor; and
correct the estimated orientation determined by the
processor using the orientation correction value cal-
culated by the processor.
7. The onboard radar apparatus according to claim 6,
wherein:
the onboard radar apparatus uses multiple frequency
continuous wave as the continuous waves; and
the processor performs processing using an average value
ol frequency analysis results performed for each fre-
quency ol the continuous waves.
8. The onboard radar apparatus according to claim 7,
wherein:
the processor calculates the approximated straight line
using, among calculation results of the relative speed
calculated by the processor and the orientation esti-
mated by the processor, calculation results of which an
absolute value of the relative speed 1s within a prede-
termined upper-limit value.
9. The onboard radar apparatus according to claim 8,
wherein:
the processor calculates the mounting angle error in
response to a degree of variation 1n a distribution used
for calculation of the approximated straight line relative
to the approximated straight line being less than a
predetermined approximation threshold.
10. The mounting angle error detection apparatus accord-
ing to claim 2, wherein:
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the processor calculates the approximated straight line
using, among calculation results of the relative speed
calculated by the processor and the orientation esti-
mated by the processor, calculation results of which an
absolute value of the relative speed 1s within a prede-
termined upper-limit value.
11. The mounting angle error detection apparatus accord-
ing to claim 2, wherein:
the processor calculates the mounting angle error 1n
response to a degree of variation 1n a distribution used
for calculation of the approximated straight line relative
to the approximated straight line being less than a
predetermined approximation threshold.
12. The mounting angle error detection apparatus accord-
ing to claim 3, wherein:
the processor calculates the mounting angle error 1n
response to a degree of variation 1n a distribution used
for calculation of the approximated straight line relative
to the approximated straight line being less than a
predetermined approximation threshold.
13. The onboard radar apparatus according to claim 6,
wherein:
the processor calculates the approximated straight line
using, among calculation results of the relative speed
calculated by the processor and the orientation esti-
mated by the processor, calculation results of which an
absolute value of the relative speed 1s within a prede-
termined upper-limit value.
14. The onboard radar apparatus according to claim 6,
wherein:
the processor calculates the mounting angle error 1n
response to a degree of variation 1n a distribution used
for calculation of the approximated straight line relative
to the approximated straight line being less than a
predetermined approximation threshold.
15. The onboard radar apparatus according to claim 7,
wherein:
the processor calculates the mounting angle error 1n
response to a degree of variation 1n a distribution used
for calculation of the approximated straight line relative
to the approximated straight line being less than a
predetermined approximation threshold.
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